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摘要 
I 
摘要 
在全球变化的各种效应中，海平面的上升是对红树林最大的威胁之一。发生
在海南三亚青梅港红树林自然保护区的红树林突发大面积死亡事件作为海岸工
程引起红树林淹水时间与深度增加并导致红树林大规模死亡的特例为研究海平
面上升对红树林影响提供一个新的角度。未来不断上升的海平面对红树林的破坏
作用在此次事件中被间接反映出来。对青梅港红树林死亡事件的调查研究不仅为
青梅港地区红树林的恢复、管理提供理论依据，而且对于探讨海平面上升对红树
林的影响存在重要意义。 
对三亚青梅港红树林大规模死亡事件展开调查及红树林对海平面上升的脆
弱性进行评估，得到以下结论： 
1. 本次红树林死亡事件具有死亡树种多、突发、规模大和持续时间长的特
点，国内唯一，世界其他地区也少见。红树植物的突发大规模死亡发生于 2011
年 10 月中旬，截至 2012 年 1 月红树植物的死亡还在持续。 
2. 青梅港红树林资源丰富、景观独特，具有很高的旅游开发价值。而青梅
港红树植物的大面积死亡，已经严重影响其景观功能。全区域调查发现，截至
2012 年 1 月 7 日，青梅港红树植物受害死亡率排序：杯萼海桑
Sonneratia alba(91.2%) ＞ 角 果 木 Ceriops tagal(66.3%) ＞ 白 骨 壤 Avicennia 
marina(58.2%) ＞正红树 Rhizophora apiculata(11.1%) ＞瓶花木 Scyphiphora 
hydrophyllacea(4.8%)＞红海榄 Rhizophora stylosa(4.0%)。木果楝 Xylocarpus 
granatum 死亡 1 棵，桐花树 Aegiceras corniculatum、木榄 Bruguiera gymnorrhiza
和卤蕨 Acrostichum aureum 3 个种没有发现死亡个体。角果木为青梅港红树林中
面积最大、分布范围最广、死亡数量和面积最多的真红树植物。角果木的死亡率
与淹水时间呈正相关，与植物高度呈负相关，具体表现为：滩涂高程越低，死亡
率越高；植物越高，死亡率越低。杯萼海桑是青梅港受害最严重的红树植物，不
仅死亡率最高，仅存的少量个体生长严重不良，没有幼苗，也未见花果。若没有
外源的繁殖体输入，杯萼海桑有可能成为青梅港最先灭绝的真红树植物。除杯萼
海桑外，其他红树植物繁殖体供给正常。 
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3. 本次事件导致青梅港红树林自然保护区内的动物种类和数量锐减。作为
红树林鸟类主要食物来源的软体动物和甲壳动物种类及数量的锐减，必然对青梅
港红树林的生态服务功能产生严重影响。与 2009 年相比，软体动物种类下降了
77%，林外滩涂底栖软体动物密度下降了 99.8%。原本充满活力的红树林内如今
已难觅软体动物踪迹，整个调查过程中只见到 7 只招潮蟹 Uca spp.。 
4. 青梅港红树林大面积死亡的主要原因是：①海岸工程改变了青梅港水文
状况，缩小了青梅港内外水体自由交换通道，多日的降水使得青梅港内积水严重。
港内长时间高水位淹水胁迫导致青梅港红树林发生大规模死亡，这是红树植物大
面积死亡的直接原因。②早年的水质监测结果表明，青梅港红树林水质受到了一
定程度的污染，过量污染物会大大降低红树植物对环境胁迫的抵抗能力，导致死
亡率升高，这可能是红树植物持续死亡的原因。 
5. 青梅港红树林面临长时间、高强度的人为干扰，若没有强有力的措施，
红树林的退化将持续下去，并将不可逆转。青梅港红树林死亡事件发生后，相关
部门非常重视，在初步查明死亡原因后，随即开展了一系列的抢救、恢复和保护
措施，截至 2015 年 3 月，青梅港红树植物、动物都表现出一定程度的恢复。 
6. 青梅港红树林对海平面上升异常敏感。青梅港所处的亚龙湾沿海区域海
平面上升速率快，长时间、高强度的人为干扰降低了红树林对环境胁迫的抵抗力，
红树林陆地一侧后缘生境为公路与堤坝，阻断了红树林的退路，在海平面上升背
景下，青梅港红树林对海平面上升异常敏感。若把这次事件中的长时间、高水位
淹水胁迫看做若干年后海平面上升带来的效应，在红树林向陆地一侧迁移受阻时，
青梅港红树林突发大规模死亡事件很可能是海平面加速上升背景下未来该地区
红树林命运的预演。 
7. 在世界红树林对海平面上升异常敏感的地区，未来红树林面临丧失的风
险。红树林地面高程变化速率与相对海平面上升速率比较结果表明，大部分研究
地点红树林地面高程抬升速率跟不上相对海平面上升的速率。海平面的加速上升
威胁着红树林的生存。海平面上升引起淹水时间、深度增加并导致红树林死亡可
能成为未来全球范围内的普遍现象。 
 
关键词：红树林；死亡；原因；海平面上升；威胁  
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Abstract 
Among all effects of global change, sea-level rise is regarded as one of the 
biggest threats to mangrove ecosystems in the future. Mass mortality of mangroves at 
Qingmeigang Bay, Sanya, Hainan，as a result of increased flooding time and 
depth caused by coastal engineering，provides a new dimension to explore effects of 
sea level rise on mangroves. In this case, destructive effects of sea level rise on 
mangroves have been well revealed indirectly. Investigation of mass mortality of 
mangroves at Qingmeigang Bay is a key determinant of mangrove restoration and 
management. Besides, significant mortality of mangroves at Qingmeigang Bay 
offers some new perspectives to research effects of sea level rise on mangroves.  
We investigated the mortality phenomenon of mangroves at Qingmeigang Bay 
and assessed the vulnerability of mangroves to accelerated sea level rise both in 
Qingmeigang Bay and worldwide. The results were as followings： 
1. The phenomenon of mangrove mortality at Qingmeigang Bay was 
quite rare in other places. Mangroves suffered large-scale and longstanding mortality 
suddenly in this case. In fact, death phenomenon of mangroves at Qingmeigang Bay 
had happened before. However, mass mortality of mangroves began in the middle of 
October, 2011 and mangroves were still suffering death in January, 2012. 
2. Qingmeigang Bay was abundant in mangrove resources with outstanding 
features and was of great value in developing tourism. The large-scale mortality of 
mangroves at Qingmeigang Bay did harm to landscape function. Mortality rates of 
different mangrove species ended January 7th, 2012 were shown as follows: 
Sonneratia alba(91.2%) ＞ Ceriops tagal(66.3%) ＞ Avicennia marina(58.2%) ＞
Rhizophora apiculata(11.1%) ＞ Scyphiphora hydrophyllacea(4.8%) ＞ Rhizophora 
stylosa(4.0%). There was one dead Xylocarpus granatum and no dead individuals of 
Aegiceras corniculatum, Bruguiera gymnorrhiza and Acrostichum aureum. Ceriops 
tagal was the most widely distributed mangrove species at Qingmeigang Bay. Ceriops 
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tagal living in low elevations suffered high mortality while Ceriops tagal with high 
height suffered low mortality. Sonneratia alba was the species suffering the most 
serious mortality rate with no normal individuals, no seedlings, no flowers or fruits. In 
the future, Sonneratia alba may become the first extinct species at Qingmeigang Bay 
if no exotic propagule is introduced. 
3. Animals of Qingmeigang Bay also suffered negative effects with obviously 
decreased species and quantity, which was bound to affect ecosystem functioning 
negatively. Compared with 2009, mollusc species declined by 77%, and benthic 
mollusc density decreased by 99.8% in unvegetated mudflats in 2012. During 
the period of investigation, only seven Uca spp. were found. 
4. Main causes of large-scale mortality of mangroves at Qingmeigang Bay 
were as followings. Firstly, direct cause for large-scale mortality of mangroves was 
obviously increased flooding time and depth resulted from coastal engineering. 
Coastal engineering at eustary of Qingmeigang Bay narrowed the channel for water 
exchange between inside bay and outside sea. Great precipitation in September to 
October, 2012 together with narrowed channel led to increased flooding time and 
depth beyond mangroves’ resistance. Secondly, longstanding mortality of mangroves 
could be attributed to water pollution indicated by previous monitoring results. Due to 
excessive contamination, significantly lowered resistance to environmental stress 
resulted in increased mortality. 
5. Mangroves of Qingmeigang Bay were under longstanding and intensive 
disturbance of humankind. Degradation of mangroves at Qingmeigang Bay wouldn’t 
stop unless proper measures were taken effectively. Due to self-rebuild of ecosystem 
and afforestation for over three-year period up to March, 2015, both vegetations and 
animals at Qingmeigang Bay were reverting to its normal state. 
6. Mangroves of Qingmeigang Bay were highly vulnerable to sea-level rise. 
High vulnerability of mangroves to sea-level rise could be attributed to rapid sea level 
rise, high levels of stress from humankind and no possibility of landward migration 
for mangroves at Qingmeigang Bay. If longtime inundation and high flooding depth 
in the case were regarded as effects of sea-level rise, this mass mortality of mangroves 
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may be an indication of mangrove fate at Qingmeigang Bay resulted from accelerated 
sea-level rise in the future.  
7. Mangroves are at the risk of being submerged by sea where mangroves are 
highly vulnerable to accelerated sea-level rise. Analysis of previous research on 
mangrove surface elevation changes showed that in most study area, mangrove 
surface elevation change can’t keep up with relative sea-level rise. Accelerated 
sea-level rise is threatening survival of mangroves. Due to increasing flooding time 
and depth accompanied by rising sea level, large-scale mangrove mortalities would be 
witnessed worldwide in the future. 
 
Keywords: mangroves; mortality; cause; sea-level rise; threat  
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第一章 前言 
红树林生态系统在全球生态平衡中起着不可替代的重要作用。作为陆地与海
洋过渡区域，红树林生态系统蕴藏着独特的生物多样性，是许多鱼、虾、蟹和软
体动物等海洋动物的活动场所，同时在调节气候变化、维持近岸海洋水质、促淤
造陆、抵抗台风与海啸等方面起着重要作用(Duke et al., 2007; 王文卿和王瑁, 
2007; Donato et al., 2011)。 
2007 年联合国粮农组织对全球红树林面积的估计约为 1500 万 hm2 (FAO, 
2007)。虽然由于调查方法的不同，有关全世界红树林面积的报道不一致，但从
各地的反馈信息表明，全球红树林的面积急剧锐减(Giri et al., 2011)，而且许多地
区的红树林存在着不同程度的退化(Macintosh & Ashton, 2002; Han et al., 2007; 
Walters et al., 2008; Bosire et al., 2014)。全球红树林正以每年 1-2%的速度消失，
世界红树林面临丧失的风险(Alongi, 2002; Duke et al., 2007; Giri et al., 2011)。围
垦、城市与港口开发、生物资源过渡利用和海平面上升等环境压力因素是造成全
球红树林面积不断下降以及红树林退化的主要原因(谷东起等, 2003; Alongi, 2002; 
Giri et al., 2008)。在过去的 50 年里，受围垦、海岸开发、对红树林资源的过渡
开采等人类活动的影响，世界红树林面积减少了 30-50%(Alongi, 2002; Duke et al., 
2007; FAO, 2007; Polidoro et al., 2010)。滨海生态系统作为海洋与陆地的过渡带，
是承受全球变化及其引起的海平面上升等影响最为前沿的缓冲带(邓自发等, 
2010)。由于地处海陆交界处，海平面上升被认为是未来红树林的最大威胁之一
(Jagtap & Nagle, 2007; Gilman et al., 2008; Ellison & Zouh, 2012; Gopal, 2013)。 
1.1 海平面上升威胁着红树林的生存 
全球变暖引起海洋热膨胀以及冰川冰盖的消融，导致全球平均海平面的上升
(Nerem et al., 2010; Nicholls & Cazenave, 2010)。政府间气候变化专门委员会
(IPCC)第五次评估报告表明，全球平均海平面上升速率在 1901-2010 年间的平均
值为 1.7 mm·a-1，1971-2010 年间为每年 2.0 mm·a-1，1993-2010 年间为每年 3.2 
mm·a
-1，全球平均海平面上升速率不断加快(Stocker et al., 2013)。 
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红树林是生长在热带、亚热带海岸潮间带的木本植物群落(林鹏, 1997)，受
海水周期性浸淹的影响。海平面上升所导致的潮汐淹水时间的延长、淹水频率和
淹水深度的增加，被认为是海平面上升对红树林生态系统最主要、最直接的影响
因素(Wolanski, 2007; He et al., 2007; Lu et al., 2013)。模拟实验结果表明，淹水时
间的延长、淹水频率和淹水深度的增加对红树植物的生长造成了不良影响(Kitaya 
et al., 2002; Chen et al., 2005; He et al., 2007; Lu et al., 2013)，导致生长速率减缓、
叶面积减少、幼苗成活率降低(Ellison & Farnsworth, 1997; 陈鹭真等, 2006)。虽然
红树植物具有适应潮间带生长的抗淹水机制，但红树植物有其最适的淹水时间和
临界淹水时间，不能长时间的被海水淹没(陈鹭真等, 2005; 廖宝文等, 2009)。 
红树林在海岸潮间带的分布，与海平面的位置存在紧密联系。红树林一般分
布在平均海平面至大潮平均高潮位的区域(Grindrod & Rhodes, 1984; 张乔民等, 
1997; 张乔民等, 2001; Alongi, 2009)。各种红树植物根据各自对地面高程、土壤
盐度、潮汐淹水时间等环境因子的不同要求在海岸潮间带上形成与海岸平行的各
种群分布带(Duke et al., 1998; 王文卿和王瑁, 2007)。在红树林近海的一侧常分布
着桐花树 Aegiceras corniculatum、白骨壤 Avicennia marina、海桑属 Sonneratia
等耐水淹的植物，被称为先锋植物；秋茄 Kandelia obovata、红海榄 Rhizophora 
stylosa、正红树 Rhizophora apiculata 等常分布在先锋植物后缘的滩涂区域，属于
演替中期树种；在近陆地一侧淹水时间与频率低的滩涂区域，生长着海莲
Bruguiera sexangula、海漆 Excoecaria agallocha、角果木 Ceriops tagal 等演替后
期的树种(傅海峰等, 2014)。红树林生长带与潮汐水位之间存在严格的对应关系
(张乔民等, 2001)。海平面控制着红树林在潮间带上的分布，海平面的上升会导
致近海一侧的红树林处于平均海平面以下，红树林不得不向陆地一侧迁移
(Lovelock & Ellison, 2007; Gilman et al., 2008; Doyle et al., 2010)。在红树林向陆地
一侧迁移受阻时，海平面的上升会使红树林林带宽度变窄、红树林面积减少
(Gilman et al., 2008; 傅海峰等, 2014)。海平面上升威胁着红树林的生存。 
1.2 红树林对海平面上升的响应研究 
海平面上升是对红树林的最大威胁因素之一，在海平面上升的背景下，未来
红树林的变化成为世界范围内的重要研究内容。Woodroffe(1988)通过研究历史上
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